A total of 17 endophytic fungal isolates were obtained from the leaves of Mentha cordifolia Opiz (Lamiaceae). Seven isolates were identified to the level of genus by using taxonomically relevant morphological traits. Colletotrichum and Phomopsis species were dominant among these strains. All strains were separated from M. cordifolia leaf for the first time. The ethyl acetate extracts of all endophytic fungi were tested for antibacterial activity against Salmonella typhimurium TISTR1166 and Pseudomonas aeruginosa TISTR781. Most endophytes exhibited antibacterial activity. Ustilago sp. MFLUCC15-1024 presented the highest inhibition zone diameter with a MIC of 31.25 µg/mL against the tested pathogens. The chemical composition of the ethyl acetate extract of this strain was investigated using gas chromatography-mass spectrometry. Twenty-one components were identified. 2-Phenylethanol (38.7%), E-ligustilide (12.4%), α-eudesmol (10.2%), β-vetivone (4.6%), β-ylangene (3.7%) and verbanol (3.4%) were the major components of the extract. The strong antibacterial activity of Ustilago sp. MFLUCC15-1024 ethyl acetate extract may be attributed to the presence of a high concentration of bioactive compounds including phenyl ethyl alcohol, E-ligustilide and α-eudesmol. The results indicate that there is high diversity of endophytic fungi in M. cordifolia leaf, and that Ustilago sp. MFLUCC15-1024 strain could be an excellent resource of natural antibacterial compounds.
Microbial pathogens are considered a serious health problem and can cause disease to humans and animals, as well as economically important plants. Various synthetic antibiotics can control microbial infections at an acceptable level. Conversely, several disadvantages are associated with the use of antimicrobial drugs including accumulation, high toxicity, lack of specificity, environmental pollution and especially development of pathogen resistance. Therefore, microbe-based biocontrol approaches are an alternative choice to control microbial pathogens instead of agrochemicals [1] . Endophytic fungi living within healthy plant tissues have been recognized as a potential resource for bioactive secondary metabolites, because of their high degree of biodiversity [2] . Various endophytic fungi produce the same or similar bioactive secondary metabolites as those found in the host plants. These compounds have been applied as antimicrobial and antioxidant agents [2] . Mentha cordifolia Opiz (Lamiaceae) is commonly known as mint, peppermint or marshmint. It is cultivated extensively throughout many Southeast Asian countries [3] . Tablets containing powdered dried mint leaves have been used for analgesic treatments in clinical trial phases I, II, and III, as well as for antigenotoxic purposes against dimethylnitrosamine, Nnitrosopyrrolidine and tetracycline [4] . They have been used also for toothache, headache, muscle pain, dysmenorrhea, treatment of post-operative pain in secondary minor surgery remedies [4] , and antibacterial activities [3] . Antimicrobial activities of endophytic fungi isolated from species of Mentha, such as M. spicata and M. piperita [5, 6] , have also been reported. To the best of our knowledge, there are no reports regarding the antibacterial activity of the endophytic fungi from M. cordifolia leaves. The aim of this work was to isolate and identify the endophytic fungi from M. cordifolia leaves. The antibacterial activities of the ethyl acetate extracts of the endophytic fungi were screened in order to explore the potential utilization of their antibacterial metabolites as biocontrol agents.
Seventeen endophytic fungal strains were isolated from the healthy leaves of M. cordifolia. Taxonomically relevant macro and microscopic morphological characters were used to identify all endophytic fungi. These included shape of conidia, type of conidiophore, growth rate, colony color and texture. Seven genera were obtained including one species of Alternaria, five species of Colletotrichum, one species of Fusarium, two species of Penicillium, three species of Phomopsis, two species of Thielaviopsis and two species of Ustilago. An unidentified endophytic fungal isolate was also examined, although it was considered to have sterile mycelia, because it did not sporulate in the culture medium. The ethyl acetate extracts of all fungi were tested for antibacterial activity against Salmonella typhimurium TISTR1166 and Pseudomonas aeruginosa TISTR781. Figure 1 shows the antibacterial activity of the ethyl acetate extracts obtained from the endophytic fungal strains by using disc diffusion assay. A MIC of 31.25 µg/mL was obtained for most endophytic extracts, excluding The chemical composition of Ustilago sp. MFLUCC15-1024 extract was then investigated using GC-MS, because the isolated strains were obtained from fragrant plants. Twenty-one volatile constituents were detected in Ustilago sp. MFLUCC15-1024, accounting for 97.2% of the total chemical composition. All identified components are listed in Table 1 . The major constituent was 2-phenylethanol (38.7%), followed by E-ligustilide (12.4%), α-eudesmol (10.2%), β-vetivone (4.6%), β-ylangene (3.7%) and verbanol (3.4%). The strong antibacterial activity of Ustilago sp. MFLUCC15-1024 ethyl acetate extract may be attributed to the presence of a high concentration of a combination of bioactive compounds including 2-phenylethanol (comprising 38.7% of the extract) and E-ligustilide (12.4%). Silver and Wendt [7] reported that 2-phenylethanol exhibited strong antibacterial activity by breaking the bacterial cell membrane. Subsequent inhibition of deoxyribonucleic acid synthesis and other cellular functions would then be secondary consequences of the alteration in the membrane structure. The inhibition may be obtained by a direct structural coupling of the compounds to the membrane. Bacterial conjugation, sporulation, and germination of spores all involve growth of, or alterations in, the cell membrane. In addition, the inhibition may be an indirect consequence of leakage resulting from the cellular loss of necessary small molecules. The hydroxyl group on 2-phenylethanol is thought to bind to bacterial proteins, preventing enzyme action [8, 9] . The antibacterial property of Ustilago sp. MFLUCC15-1024 was apparently related again to the presence of E-ligustilide. This compound has shown in vitro antibacterial activity [10] . Furthermore, α-eudesmol, present in the ethyl acetate extract of Ustilago sp. MFLUCC15-1024, seemed to ameliorate antibacterial activity against Rhodococcus equi, Sarcina lutea and Staphylococcus aureus [11] . Furthermore, γ-terpinene, guaiol and β-ylangene present in lower proportions than the major constituents, were also considered as antibacterial agents [12] . This suggests that the observed antibacterial activity could be attributed to a synergistic effect of the diverse major and minor components present in the extract.
To the best of our knowledge, this is the first report of the antibacterial activity and chemical composition of endophytic fungi isolated from the leaves of M. cordifolia. Preliminary results of screening the endophytic fungi from M. cordifolia leaves indicate their potential to generate bioactive metabolites for novel antibiotic discovery. Ustilago sp. MFLUCC15-1024 displayed significant antibacterial activity against S. typhimurium and P. aeruginosa. Further investigation aimed at analysis of their bioactivities against other Gram-negative and Gram-positive pathogens, and precise species identification of Ustilago sp. MFLUCC15-1024 would be useful for its further development as an antibacterial agent. 
Experimental

Plant materials and isolation of endophytic fungi:
One-month old healthy leaves of M. cordifolia Opiz were collected from Rimkok Subdistrict, Chiang Rai, Thailand (99°50'12" E, 19°56'33" N) in August 2015. The voucher specimen (MFL No. 10001) obtained by morphological identification of this plant was deposited at the Mae Fah Luang Botanical Garden, Chiang Rai, Thailand. Fresh M. cordifolia leaves were kept sealed in plastic bags at 4°C and processed within one day of collecting. Leaf samples were rinsed methodically with distilled water to remove dust and soil contaminants prior to sterilizing sequentially with 75% ethanol for 2 min and further immersion in 1.5% sodium hypochlorite for 2 min. The sample was placed in 75% ethanol again for 1 min to remove sodium hypochlorite solution. After surface sterilization, leaves were cut into small pieces of 0.3 cm × 0.3 cm, placed on potato dextrose agar (PDA) plates (potato 200 g, dextrose 20 g, agar 20 g, H 2 O 1000 mL) containing 500 µg/mL of chloramphenicol and incubated at 25°C until mycelia were detected on the PDA plates. Each endophytic fungal strain was then isolated and purified by hyphal tip isolation on PDA plates without antibiotics and stored at 4°C. All isolates were deposited and accession numbers were assigned by the Institute of Excellence in Fungal Research, School of Science, Mae Fah Luang University, Chiang Rai, Thailand.
Morphological characterization: All isolated endophytic fungi were observed and identified according to the modification methods of Photita et al. [13] and Dugan [14] , including microscopic observation of mycelia, asexual/sexual spores and colony morphology. Mycelial culture and ethyl acetate solvent extraction: Seven mycelial agar plugs removed from the edge of the active young culture of each endophyte were inoculated into 500 mL Erlenmeyer flasks containing 150 mL potato dextrose broth (PDB). The cultures were incubated at 25°C for 30 days. After incubating, the broth culture was filtered under vacuum to separate the culture broth and mycelia. The culture broth was extracted with ethyl acetate with a ratio of 1:1, v/v. The mycelia were also extracted with ethyl acetate with an equal volume (1:1 v/v). The culture broth and mycelia were each extracted 3 times. The ethyl acetate extracts from the culture broth and mycelia were concentrated using a vacuum rotary evaporator. The obtained extract was subsequently stored at 4°C.
Antibacterial activity assay:
Antibacterial activities of all endophytic fungal extracts were investigated against 2 Gramnegative bacterial pathogens, S. typhimurium TISTR1166 and P. aeruginosa TISTR781, which were obtained from Thailand Institute of Scientific and Technological Research, Thailand. The antibacterial activities were determined by using a disc diffusion assay. Each bacterial strain was cultured in nutrient broth medium at 37°C and further adjusted to 0.5 McFarland standard. Subsequently, the bacteria were swabbed on a nutrient agar medium plate by using sterilized cotton. All extracts were diluted by twofold dilution in ethyl acetate to final concentrations of 1000, 500, 250, 125, 62.50 31.25, 7.81 and 3.91 μg/mL. Ten µL of diluted solution with different concentrations were loaded onto a 6 mmdiameter sterile filter paper disc and then placed on a nutrient agar medium plate. All plates were incubated at 37°C for 24 h. The inhibition zone diameter and minimum inhibitory concentration (MIC) values of all samples were measured. Penicillin was used as the positive control . All experiments were performed in triplicate.
Analysis of volatile constituents by GC-MS:
The volatile constituents of ethyl acetate extracts of Ustilago sp. MFLUCC15-1024 were determined using a Hewlett Packard model HP6890 gas chromatograph (GC) (Agilent Technologies, Palo Alto, CA, USA) equipped with a HP-5MS (5% phenylpolymethylsiloxane) capillary column (30 m × 0.25 mm i.d., film thickness 0.25 μm; Agilent Technologies, USA) employed with a HP model 5973 mass selective detector (MS). Helium was used as carrier gas at a flow rate of 1 mL/min. The oven temperature was initially started at 100°C and then increased to 220°C at a rate of 2°C/min. The temperatures of injector and detector were 250 and 280°C, respectively. EI mass spectra were collected at 70 eV ionization voltages over the range m/z 29-300. The electron multiplier voltage was 1150 V. The ion source and quadrupole temperatures were set at 230°C and 150°C, respectively. One µL of each fungal extract was dissolved in ethyl acetate (1:100, v/v) and injected with a split ratio of 1:50 into the GC-MS. Identification of volatile constituents was performed by comparison between their relative retention indices (RI) with C 9 -C 19 n-alkanes, and using a comparison of the mass spectra of individual components with the reference mass spectra in the W8N08 and NIST08 databases, and literature. The quantification of all identified components was investigated by using a percent relative peak area.
Data analysis:
The experiments were performed in triplicate and are reported as mean ± standard deviation. Quantitative variations were analyzed by one-way ANOVA (at P<0.05). Duncan's Multiple Range test combined with the Statistical Analysis System was used to study the differences among samples.
